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»

Nucleic acid probes are immobilized on polyétyrene surfaces such as the wells of microtiter plates for use in solution phase
nucleic acid sandwich hybridization assays, particularly those using large branched DNA amplification multimers, by: () clean-
sing the surface by washing it sequentially with a strong acid, a strong base, and water; (b) passively adsorbing a polypeptide hav-

ing primary amino groups onto the cleansed surface

; and (c) covalently bonding the probe to the adsorbed polypeptide via 2

base-stable bifunctional crosslinking agent; and (d) subjecting the surface to conditions that simulate the hybridization condi-

tions uscd in the assay.
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PROCESS FOrR IMMOBILIZING NUCLEIC
AcCID PROBES ON POLYSTYRENE SURFACES

Description

Technical Field _
This invention is in the field of nucleic acid hybridization assays. More specifically, it
relates to an improved method for immobilizing nucleic acid probes on polystyrene surfaces for

the purpose of removing analyte nucleic acid from solution.

Background Art
Commonly owned US 4,868,105 describes a solution phase nucleic acid sandwich hybrid-

ization assay in which analyte nucleic acid is first hybridized in solution to a labeling probe set
and to a capturing probe set in a first vessel. The probe-analyte complex is then transferred to
a second vessel that contains a solid-phase-immobilized probe that is complementary to a
segment of the capturing probes. The segments hybridize to the immobilized probe, thus remov-
ing the.complex from solution. Having the analyte in the form of an immobilized cbmplex facil-
itates subsequent separation steps in the assay. Ultimately, single stranded segments of the label-
ing probe set ar¢ hybridized to labeled probes, thus permitting the analyte-contalmng complex
to be detected via a signal generated directly or indirectly from the label.

Commonly owned European Patent Application (EP) 317077 discloses a variation in the
assay described in US 4,868,105 in which the signal generated by the labeled probes is amplified.
The amplification involves the use of nucleic acid multimers. These multimers are branched
polynucleotides that are constructed to have a segment that hybridizes specifically to the analyte
nucleic acid or to a nucleic acid (branched or linear) that is bound to the analytc and iterations
of a second segment that hybridize specifically to the labeled probe. In the assay employing the
multimer, the initial steps of hybridizing the analyte to label or amplifier probe sets and capturing
probe sets in a first vessel and transferring the complex to another vessel containing immobilized
nucleic acid that will hybridize to a segment of the capturing probes are followed. The multimer
is then hybridized to the immobilized complex and the labeled probes in turn hybridized to the
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Disclosure of the Invention

One aspect of the present invention is a process for jmmobilizing a nucleic acid probe
having a first functional group on 2 polystyrene surface for use in a solution phase nucleic acid
sandwich hybridization assay comprising:

(@) cleansing the polystyrene surface by washing it sequentially with a strong acid,
a strong base and water;

(b) passivély adsorbing a polymer having a second functional group(s) onto the poly-
styrene surface; and

()  covalently bonding the nucleic acid probe to the adsorbed polymer via a base-
stable linkage. _

Another aspect of the invention is an article of manufacture for use in a solution phase
nucleic acid sandwich hybridization assay comprising a polystyrene surface having a polymer
adsorbed thereon and a nucleic acid probe covalently bonded to the polymer via a base-stable
linkage.

Still another aspect of the invention is an improvement in a solution phase nucleic acid
sandwich hybridization assay for detecting the presence of an analyte single-sx:rindcd nucleic acid
in a sample wherein the assay comprises the steps of: _ .

(a)  contacting the sample under hybridizing conditions with a set of labeling probes
each of which has a first segment that is complementary to the analyte and a second segment that
is complementary to a segment of a DNA multimer and a set of capture piobcs each of which
has a first segment that is complementary to the analyte and a second segment that is comple-
mentary to an oligonucleotide jmmobilized on a polystyrenc surface;

(b)  contacting the product of step (a) under hybridizing conditions with said oligonuc-
leotide immobilized on a polystyrene surface;

(c)  contacting the product of step (b) under hybridization conditions with said multi-
mer; and

(d)  contacting the product of step (c) under hybridization conditions with a labeled
oligonucleotide that hybridizes to the multimer and the improvement is the use in step (b) of an
oligonucleotide that is immobilized to the polystyrenc surface via an adsorbed polymer to which

the oligonucleotide is covalently bound via a base-stable linkage.
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A "multimer” intends a branched polynucleotide that is capable of hybridizing simultan-
cously directly or indirectly to analyte nucleic acid and to a multiplicity of labeled probes. The
branching in the multimers is effected through covalent bonds and the multimers are composed
of two types of oligonucleotide units that are capable of hybridizing, respectively, to analyte nuc-
Jeic acid or nucleic acid hybridized to analyte nucleic acid and to a multiplicity of labeled probes.
The composition and preparation of such multimers are described in EP 317077 and WO92/

02526, the disclosures of which are incorporated herein by reference.

Immobilization of Probe on Polystyrene Surface

While the following discussion is directed to immobilizing probes on the surfaces of the
wells of conventional polystyrene microtiter plates, it will be appreciated that the invention meth-
odology may be used to immobilize probes on other polystyrene surfaces employed in nucleic
acid sandwich hybridizations, such as particles (beads), tubes, filters, columns, and the like.

The polystyrene surface is first cleansed by washing it successively with a strong acid,
a strong base, and aqueous buffer. The acid will normally be a mineral acid such as hydro-
chloric, nitric, or sulfuric acid at a concentration of 0.1 to 5 N. Hydrochloric acid (1 N) is pre-
ferred. The surface will normally be contacted with the acid for 1 to 60 min (preferably about
15-20 min) at temperatures in the range of 4 to 37°C. The acid-treated wells are 'then washed
with a neutral aqueous buffer such as phosphate-buffered saline. The strong base will normally
be an alkali metal hydroxide (e.g., NaOH, KOH) at a concentration of 0.1 to 5 N. Sodium
hydroxide (1 N) is preferred. Contact time between the surface and the base will usually be 1
to 60 min, preferably about 15-20 min. The contact temperature will again typically be 4 to
37°C. Following the base treatment, the surface is again washed with neutral aqueous buffer.

The surface is coated with a polymer, preferably a polypeptide that has a multiplicity of
reactive primary amino groups and which will passively adsorb onto polystyrene. The polypep-
tide will typically have an average of about 10% to 100% primary amine containing amino acid
residues per molecule. The polypeptide may be a naturally occurring protein or a synthetic poly-
peptide. The synthetic polypeptide may be homopolymeric (composed of the same amino acid)
or copolymeric (composed of two or more amino acids). Other reactive functionalities, such as

sulfhydryl or carboxylates, on either natural or synthetic amino acids can be employed. Its mol-
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fold excess). A variety of crosslinking agents may be used as long as the functional criteria of
base-stability and reactivity with the oligonucleotide and amino groups of the polypeptide are
met. Examples of suitable crosslinking agents may be found in Pierce Chemical Catalog. The
conditions of the coupling reaction will vary with the particular agent used. The presently pre-
ferred crosslinking agent is bis(sulfosuccinimidyl)suberate. The crosslinking agent will normally
be dissolved in a polar solvent or aqueous buffer, and the solution added to a solution of the
oligonucleotide in an aqueous buffer and the polar solvent. The coupling will normally be
carried out at neutral (6-8) pH, and temperatures in the range of 4°C to 25°C for about 10 min.
to 18 hr. The resulting oligonucleoﬁde-crosslinking agent conjugate (sometimes referred to
herein as "activated oligonucleotide") may be purified from unreacted starting materials and
unwanted reaction products using conventional chromatographic procedures.

The polypeptide-coated surface is then contacted with a neutral aqueous buffered solution
of the purified activated oligonucleotide under conditions that permit the remaining functional
group of the crosslinking agent to react with an amino group of the adsorbed polypeptide. Typ-
ically this coupling reaction is carried out using excess activated oligonucleotide (10- to 100-fold
excess is preferred) at 0°C to 25°C for 0.5 to 18 hr, preferably at 2°C to 8°C for 8 to 18 hr.
After this reaction is complete, the surface is washed with an aqueous buffer to remove unreacted
activated oligonucleotide from the surface. At this stage in the process, the surface ;s coated with
adsorbed polypeptide to which the nucleic acid probe has been covalently bound via the cross-
linking agent. In the case of standard microtiter wells, there will typically be 0.1 to 10 pmoles,
preferably 0.4 to 0.7 pmoles, of immobilized nucleic acid probe per well, At this point, one may
optionally “overcouple" the plate, by adding additional bifunctional crosslinker to the surface to
react with any reactive groups remaining on the plate surface.

When the surface is to be used in an amplified assay procedure, particularly an assay
using the large comb-type multimers of W092/02526, it is preferable to subject the surface to
conditions that simulate the conditions (pH, ionic strength, temperature, detergent) that prevail
during the solution phase hybridization step of the assay. Such treatment tends to dislodge any
polypcptidc-oligonucleotidc complex that might be dislodged during the solution phase hybridiza-
tion. Accordingly, in such instances the surface will be contacted with a mild basic solution con-

taining a low concentration of a detergent (e.g., 0.1 to 0.5 N NaOH containing 0.01 to 2.0 wt%
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ysis by a variety of means, €.8., proteinase K/SDS, chaotropic salts, etc. Also, it may be of
advantage to decrease the average size of the analyte nucleic acids by enzymatic, physical or
chemical means, e.g., restriction enzymes, sonication, chemical degradation (e.g., metal ions), etc.
The fragments may be as small as 0.1 Kb, usually being at least about 0.5 Kb and may be 1 Kb
or higher. The analyte sequence is provided in single-stranded form for analysis. Where the
sequence is naturally present in single-stranded form, denaturation may not be required. How-
ever, where the sequence is present in double-stranded form, the sequence will be denatured.
Denaturation can be carried out by various techniques, such as alkali, generally from about 0.05
to 0.2 M hydroxide, formamide, salts, heat, or combinations thereof.

The first binding sequences of the capture probe and amplifier probe that are complemen-
tary to the analyte sequence will each be of at least 15 nucleotides, usually at least 25 nucleo-
tides, and not more than about 5 Kb, usually not more than about 1 Kb, preferably not more than
about 100 nucleotides. They will typically be approximately 30 nucleotides. They will normally
be chosen to bind to different sequences of the analyte. The first binding sequences may be sel-
ected based on a variety of considerations. Depending upon the nature of the analyte, one may
be interested in a consensus sequence, a sequence associated with polymorphisms, a particular
phenotype or genotype, a particular strain, or the like.

»

By appropriate selection of the first binding sequences of the amplifier and capture probes

they may be used to identify a specific nucleic acid molecule that includes a particular gene or

other sequence that is present as part of different nucleic acid molecules. In order to discriminate
the nucleic acid molecule of interest from other molecules that also contain the given sequence,
one of the probes is made complementary to the given sequence while the other is made comple-
mentary to another sequence of the molecule which other sequence is unique to that molecule
(i.e., is not present in the other molecules that contain the given sequence).

The second binding sequences of the capture probe and amplifier probe are selected to
be complementary, respectively, to the oligonucleotide branch to the polystyrene surface and to
a segment of the multimer and so as to not be encountered by endogenous sequences in the
sample/analyte. The second binding sequence may be contiguous to the first binding sequence

or be spaced therefrom by an intermediate noncomplementary sequence. The probes may include
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Hybridization can be carried out at a mildly elevated temperature, generally in the range from
about 20°C to 80°C, more usually from about 35°C to 70°C, particularly 65°C.

The hybridization reactions are usually done in an aqueous medium, particularly a buf-
fered aqueous medium, which may include various additives. Additives which may be employed
include low concentrations of detergent (0.1 to 1%), salts, e.g., sodium citrate (0.017 to 0.17 M),
Ficoll, polyvinylpyrrolidine, carrier nucleic acids, carrier proteins, efc. Nonaqueous solvents may
be added to the aqueous medium, such as dimethylformamide, dimethylsulfoxide, alcohols, and
formamide. These other solvents will be present in amounts ranging from 2 to 50%.

The stringency of the hybridization medium may be controlled by temperature, salt con-
centration, solvent system, and the like. Thus, depending upon the length and nature of the
sequence of interest, the stringency will be varied.

Depending upon the nature of the label, various techniques can be employed for detecting .
the presence of the label. For fluorescers, a large number of different fluorometers are available.
For chemiluminescers, luminometers or films are available. With enzymes, a fluorescent, chemi-
Juminescent, or colored product can be provided and determined fluorometrically, luminometric-
ally, spectrophotometrically or visually. The various labels which have been employed in
immunoassays and the techniques applicable to immunoassays can be employed w1t.h the subject
assays.

The following examples further illustrate the invention. These examples are not intended

to limit the invention in any manner.

Example 1
White Microlite 1 Removawell strips (polystyrene microtiter plates, 96 wells/plate) were

purchased from Dynatech Inc.

Pre-Wash

Each well was filled with 200 pL 6N HCl and incubated at room temperature for 15-20
min. The plates were then washed 4 times with 1X PBS and the wells aspirated to remove
liquid. The wells were then filled with 200 pL 6N NaOH and incubated at room temperature for
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Coupling of Activated Oligonucleotide to Poly(Phe-Lys)-Coated Plates

50 pL of the activated oligonucleotidc—containing eluent was added to each well and the

_wells were incubated at room temperature for 120 min. The plate was then washed 4 times with

1X PBS and the wells aspirated to remove liquid.

Final Stripping

200 pL of 0.2N NaOH containing 0.5 wt.% SDS was added to each well. The plate was
wrapped in plastic and incubated at 65°C for 60 min. The plate was then washed 4 times with
1X PBS and the wells aspirated to remove liquid. The stripped plate was stored with desiccant

beads at 2-8°C.

Example 2
Pre-Wash
Microlite 1 Removawell polystyrene microtiter plates were prewashed as in Example 1,

except that 1 N HCl and 1 N NaOH were used.

Polypeptide Coating
The wells were coated as in Example 1. The first stripping step was eliminated.

Oligonucleotide Activation

XT1" oligonucleotide was activated as in Example 1, except that: the molar ratio of DSS
to XT1* was 400:1 instead of 1000:1; the buffer and pH used during activation was sodium phos-
phate at pH 7.8; the buffer and pH used to quench activation was sodium phosphate at pH 6.5;
and the temperature and buffer used to purify the activated oligonucleotide was sodium phosphate
at pH 6.5, 4°C. |

Coupling Activated Oligonuclcotidc to Coated Wells

Coupling was carried out as in Example 1, except that the buffer was sodium phosphate,

pH 7.8 and the incubation was ovemight.



10

15

20

25

30

35

WO 93/13224 PCT/US92/11343

A comb body of the following structure was first prepared:

b Y '51
5T 4(TTX), GTTTGTGG

(RGTCAGTp™),,

wherein X’ is a branching monomer, and R is a periodate cleavable linker.
The portion of the comb body through the 15 (TTX’) repeats is first synthesized using
33.8 mg aminopropyl-derivatized thymidine controlled pore glass (CPG) (2000 A 74

micromoles thymidine per gram support) witha 1.2 cycle protocol. The branching site nucleotide

was of the formula:

2
H—N(CH,)—OR

H,C SN

LA .

N~ 0

backbone—

o-0

ackbone
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dissolved in 100 pL water. 3’ backbone extensions (segment A), sidechain extensions and liga-

tion template/linkers of the following structures were also made using the automatic synthesizer:

3* Backbone
extension

Sidechain
extension

Ligation
template for
linking 3’
backbone
extension

Ligation tem-
plate for link-
ing sidechain
extension

3’—TCCGTATCCTGGGCACAGAGGTGCp—5’

3°-GATGCG(TTCATGCT GTTGGTGTAG);-5

3. AAAAAAAAAAGCACCTp-5’

3'-CGCATCACTGAC-5’

The crude comb body was purified by a standard polyacrylamide gel (7% with 7 M urea
and 1x TBE running buffer) method.

The 3’ backbone extension and the sidechain extensions were ligated to the comb body

as follows. The comb body (4 pmole/pL), 3’ backbone extension (6.25 pmole/pL), sidechain
extension (93.75 pmole/pL), sidechain linking template (93.75 pmole/pL), and backbone linking
template (5 pmole/pL) were combined in 1 mm ATP/ 5 mM DTT/ 50 mM Tiis-HC, pH 8.0/ 10
mM MgCl,/ 2 mM spermidine, with 0.5 units/pL T4 polynucleotide kinase. The mixture was
incubated at 37°C for 2 hr, then heated in a water bath to 95°C, and then slowly cooled to below
35°C over a 1 hr period. 2 mM ATP, 10 mM DTT, 14% polyethylene glycol, and 0.21 units/pL
T4 ligase were added, and the mixture incubated for 16-24 hr at 23°C. The DNA was precipita-
ted in NaCl/ethanol, resuspended in water, and subjected to a second ligation as follows. The
mixture was adjusted to 1 mm ATP, 5 mm DTT, 14% polyethylene glycol; 50 mM Tris-HCl, pH
7.5, 10 mM MgCl,, 2 mM spermidine, 0.5 units/pL T4 polynucleotide kinase, and 0.21 units/ pL
T4 ligase were added, and the mixture incubated at 23°C for 16-24 hr. Ligation products were

then purified by polyaci'ylamidc gel electrophoresis.
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Probes complementary to nucleotide sequences in the HCV E1 gene of Group II viral isolates

(see Figure 2B):

Complement of

Probe Type Probe Number Nucleotide Numbers

Label 27B 879-911
Label 28B 912-944
Capture 29B 945-977
Label 30B 978-1010
Label 31B 1011-1043
Label 32B 1044-1076
Label 33B 1077-1109
Capture 34B 1110-1142
Label 35B 1143-1175
Label 36B 1176-1208
Label 37B 1209-1241
Label 38B 1242-1274
Capture 39B 1275-1307 '
Label 40B 1308-1340
Label 41B 1341-1373
Label 42B © 1374-1406
Label 43B 1407-1439
Capture 44B 1440-1472
Label 45B 1473-1505
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In the above sets, each capture probe contained, in addition to the sequences

complementary to the HCV sequences, a downstream sequence complementary to XTI

Assay Format
Extraction buffer of the following range was prepared.

Extraction Buffer Recipe - 100 mL
Recipe for 100 mL:

5.3 mL 1 M Tris-HC], pH 8

4,24 mL 0.25 M EDTA

13 mL 10% SDS

160 pL 10 mg/mL sssDNA

26.5 mL 20X SSC

7 mL Deionized Formamide

93 mg Proteinase K

The Tris, EDTA, SDS, sonicated salmon sperm DNA and SSC were added to 25 mL de-
ionized water and the volume was adjusted to 93 mL with deionized water. The solution was
mixed gently and the pH was adjusted to 7.5. The proteinase K was added to the solution and
mixed until dissolved. The solution was incubated at 37°C in a water bath for 3 hx The solution
was cooled to Toom temperature and the formamide was added.

_ Hybridization buffer of the following recipe was made by mixing the contents with resting

to form a solution.
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Boehringer-Mannheim Catalog), poly(Ala-Glu) and poly(Glu-Lys) coated plates exhibited similar

performance in the assay.

Example 6

A modified procedure is as follows:
Pre-Wash

White Microlite 1 Removawell strips (polystyrene microtiter plates, 96 wells/plate) were
obtained from Dynatech Inc. Each well was filled with 250 pL 1 N HCI and incubated at room
temperature for 15-20 min. The plates were then filled with 250 pL 1 N NaOH and incubated
at room temperature for 15-20 min. The plates were then washed 3 times with 1 x PBS, and the
wells aspirated to remove liquid.
Poly(Phe-Lys) Coating

Poly(Phe-Lys) (as described above) was mixed with 2 M NaCl/ 1X PBS to a final concen-
tration of 0.1 mg/mL (pH 6.0), and 200 pL of the resulting solution added to each well. The
plate was wrapped in plastic to prevent drying, and incubated overnight at 30°C. The plate was

then washed 3 times with 1X PBS, and the wells aspirated to remove liquid.

Oligonucleotide Activation

To 250 OD,¢ units of PSCP (5’-XCACTTCACTTT CTTTCCAAGAG-3’, where X is N*
(6-aminocaproy1—2-aminoethy])-S-methylcytidinc) in 50 mM sodium phosphate (pH 7.8) was
added bis(sulfosuccinimidyl)suberate ("BS3", 180 mg). The mixture was vortexed and incubated
at Toom temperature for 30 min. A gel filtration column (Sephadex® G-25, Pharmacia) equil-
jbrated with 10 mM sodium phosphate (pH 6.5) was used to purify the activated oligonucleotide.
The activated oligonucleotide reaction mixture was applied to the column and allowed to filter.
The eluate was collected and saved for use in the next step. The concentration of the eluate was
adjusted to 3.7 X 102 OD,¢/mL using 50 mM sodium phosphate (pH 7.8) for dilution.
Coupling of Activated Oligonucleotide to Poly(Phe-Lys)-Coated Plates

The activated oligonucleoﬁdc—containhg eluent (100 pL) was added to each well, and the
wells incubated at 4°C for 12-18 hours. The plate was then washed twice with 1X PBS, and the

wells aspirated to remove liquid.
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Claims

1. A process for immobilizing a nucleic acid probe having a first functional group on a
polystyrene surface for use in a solution phase nucleic acid sandwich hybridization assay com-
prising the steps:

(@)  cleansing the polystyrene surface by washing it sequentially with a strong acid,
a strong base, and water;

(b)  passively adsorbing a polymer having second functional groups onto the cleansed
polystyrene surface; and

()  covalently bonding the nucleic acid probe to the adsorbed polymer via a base-

stable linkage involving said first and second functional groups.

2. The process of claim 1 wherein said bonding is effected via a bifunctional crosslinking

agent.

3. The process of claim 1 wherein the polymer is a polypeptide and the second functional
?

groups are primary amino groups.

4. The process of claim 1 including the step of
(d)  subjecting the polymer-nucleic acid probe-coated surface to conditions that at least

as stringent as the conditions used in the solution phase sandwich hybridization assay.

5. The process of claim 2 wherein the polymer-nucleic acid probe-coated surface is
contacted with a mild base solution containing a low concentration of detergent at 25 to 65°C

for 10 to 180 minutes.

6. The process of claim 3 wherein the solution is 0.1 to 0.5 N NaOH containing 0.01 to

2 wt% sodium dodecyl sulfate.
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15. The article of manufacture of claim 12 wherein there are about 0.4 to 0.7 pmoles of

the probe in the well surface.

16. The article of manufacture of claim 9 wherein the polymer is poly(Phe-Lys), the
crosslinking agent 1s disuccinimidyl suberate, and the nucleic acid probe is selected from the
group consisting of 5 XCACCACTTTCTCCAAAGAAG-3’ and 5’-XCACTTCACTTTCTTTCC-
AAGAG-3’, where X represents the N‘—(6-aminocaproy1-2-arr1inocthy1) derivative of cytidine.

17. In a solution phase nucleic acid sandwich hybridization assay for detecting the
presence of an analyte single-stranded nucleic acid in a sample wherein the assay comprises the
steps of:

(@)  contacting the sample under hybridizing conditions with a set of labeling probes
each of which has a first sesgment that is complementary to the analyte and a second segment that
is complementary to a segment of 2 DNA multimer and a set of capture probes each of which
has a first segment that is complementary to the analyte and 2 second segment that is
complementary to an oligonucleotide immobilized on a polystyrene surface;

(b) contacting the product of step (a) under hybridizing conditions with said
oligonucleotide immobilized on a polystyrene surface; "

©) contacting the product of step (b) under hybridization conditions with said
multimer; and

d) contabﬁng the product of step (c) under hybridization conditions with a labeled
oligonucleotide that hybridizes to the multimer, the improvement wherein the oligonucleotide is
immobilized to the polystyrene surface via a polymer adsorbed on the surface to which the

oligonucleotide is covalently bound via a base-stable linkage.

18. The process of claim 17 wherein the bonding is effected via a bifunctional

crosslinking agent.

19. The assay of claim 17 wherein the polystyrene surface is a well of a microtiter plate

and steps (a) through (d) are carried out in said well.
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FIGURE 2B

1278

GGAAGYTGGGATGGTYARRCARGASAGCARAGC (nt879=C)
288 '

GT AYAYYCCGGACRCGTI‘GCGCAC‘!‘I@T AAGC

298 ’
AARCTTGMGTTGGAGCARTCGTTY GTGACATG

308
RGYRTGCATG ATCAYGTCCGYYGCCTCATACAC

:31B
RTI'GTYYTCCCGRACGCARGGCACGCACCCRGC

328
CGTGCGRGTSAGCCQ ACCCAG;ARCGCGAGSW

:338
YGTRGTGGGGAYGCTGJGM'CCTGGCCGCV AR

348
CCCRACGAGCAARTCGACRTGRCGTCGT AWTGT

:35B
YCCCACGT ACATAGCSGAMSAGARRGY. AGCCGY

368
CTGGGAGAYRAG&MAACAGATCCGCARAGRTC_
378 ‘
YGTCTCRTGCCGGCGAGS*BGAGMGGTGMYAG
388

GCCGGGATAGAKKGAG CARTTGCAKTCCTGYAC

398
CATATCCCAACCCATRCGITGGCCIGAYACGTG

408
CACTARGGCTGYY GTRGGY! GACCAGTTCATCAT

418
GACRGCTTIGTGGGATCCGGAGT MC‘I‘GCGAYAC

428
GACICCCCAGTGRGCCCCCGCCACCATIHCCAT

438 )
SCCCACCATGGAWWAGT. AGGCMGGCCCGCYAG

448
GAGTAGCATCACAATCAADACCTT AGCCCAGTT

45B
YGWCRYGY‘RGGTRTKCCCGTCMCGCCGGCMA
(nt1205=Y)
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FIGURE 3.2

:HCV.33.16A
RCGHRCCTTGGGGATAGGCTGACGTCWACCTCG

{HCV.33.16B |
RCGHRCCXTGGGGATAGGTTGTCGCCW'TCCACG

HCV33.17 .
YCCRGGCTGRCCCCAGRYCCTRCCCI'CGGRYYG

HCV33.18
BSI-RCCCTCR‘ITRCCRTAGAGGGGCCADGGRTA

:HCV.33.19
GC@CGGGGWGACAGGAGCCATCQ GCCCACCC

CCGGGGGTCY GTGGGGCCCCAYCTAGGCTGRGA

:HCV.33.21
ATCGATGACCTT. ACCCAARTTRCGCGACCTRCG

HCV.33.2
CCCCATGAGRTCGGCGMGCCGCAYGTRAGGGT

:HCVA23 -
'GCCYCCW. ARRGGGGCGCCGACGAGCGGW. ATRTA

HCV.33.24 ’
A CCCOG ACRCCRTGYGCCARGGCCCTGGCAGE
- HCV.33.25 -
RTTCCCTGTTGCATAGTICACGCCGTCYTCCAG

:HCV33.26
CARRAGGMGAKAGAGAAAGAGCAACCBGGMAR
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FIGURE 2B

1278

GOEAAGYTGEGATGOTY ARRCARGASAGS ARAGE (Rt875C)
258
GTAYAWCCGGWCOCACWTAAGC
29 '
AATACTTCMGTTGGAGTARTCGTTYGTGACAYS
208
mYRTGCATGAICAYGICCmCCICATACAC
218 '

RTIG T TCOCGRACGEARGGCACGTACCCRGG
328

CCTCOGRGTSAGCOCY ACCCAGCARCGOGAGSW
538

YOTRGTGGGGAYGCTGIHRTICCIGGOCGEY AR
B -
CCCRACGAGCAARTCGACRIGROGTCGTAWTGT
358
YOOCACGTACATAGCSGAMBAGARRGYAGCCRY
36D ’
CTGGGAGAYRAGRAAAACAGATCCGCARAGRTC
P GTCTCRTGCOGTCGAGSPGAGAAGGTGAAYAG
&L}
COCOGCATAGAKKGAGCARTIGCAKTCCTOYAC
295
CATATCOCAAGCTATREGKTGGCCICAYACGTG

0B
CACTMGCWGGYGACCMTTC&TC&T

1B
GAWT\:CGGAGIMCWCGAYM

“20
WWWMC&T

430 '
SOCLACCATGGAWWAGT, AOGCMGGd:CﬁCYAG '

63
GAGTAGCATCACAATCAADA CCTTAGCCOCAGTT

8B
YGWCRYC“GGWCCMW
(n21205wY)
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FIGURE 3.2

HCVILI4A -
mﬁmfmmcmma
HCV.23.16B

ROGHRCL TTCGGGATAGG TTETOGECWTCCALS

HCV.33.17 .
(CCRGGCTORGACTCAGRYCETACCE T GGRYYG

HCV33.18 ’
BEmCCCmCCRTAQAGGGGCCADGGMA

HCV.338,18
m@csmmmmmm

HCVS.0
Wmcmmscocccm

ROV
JKTCGATGACCTTACCMCGCGACCT&W

5/6



< |LIVPZ2ELIEE OM> ‘QID0Qs

133HS JLNLILSENS

9/9

30

& 5tm
4-501tm
B /\ ~—500tm
20 —
% _
3
o 10—
>
hd
= . -
l s - - -
- 'ﬁ...\l\ﬂ.\l.@l‘@\\l@\@
0 x\@ ] :
-0 1 T | T T T T Ty
Ol A | 10

pMOLES OF CAPTURE DNA PER WELL

F1G.4



LI33HS 34NL1158NSs

o/v

SOOLOLIDALLOIYYYDOOL I DOVOOALIDOY
SUVECADH:

YYOOD0a0aL X DRINIDAY Y OIIYIVIO Y
NECATH:

NSO TNIALYDOVEIIVOQLOVY VLI VYD

LUECADH: |

W@WWOD‘
ZUECAIH!

IMYOOELLI A OLLLIALIAT INOLILIOVILD
1TECADH:

SORIDOYDYOOVINLLOOYIAINDL
DOVISYACOVILY I W OOVY XO0IVIOD0D
3

IDD0AISYIOYIVYIIY DS LLLYIDOVYDY
$ 5T AT

SYIIDLIVYOD2OVIODDDODDAILEYIDY
LETIOH

AAD0IVIOVYYOYVYIILVALIDIODOVYOLLVOD
996 ADR:

ALINHOOYIALIVISINOSOIIVY I0OA2OLI DL
SECADH!

905H0IYIOADIAISINALYISVIIVIVIDD
¥EEATH:

IDDOVY IOV LYY DAY IAL0DaVIILI0D
iyl Y

10V IOVIVHVYALODOL LIS YOVIIOOLY
LEEATI

AOI0YOAINALYILLY DIOYODANY VALY
T6CAJR

1'€ TENOIM

YLIAIOA
OLSTANN

<TILIWPZEEIE8 T OM> :G1I000S



FIGURE 2A
37A
YEAAGCOUGTACAGTCARECAAGATAGCAGTIC Mmit¥el)
m
RTARAGCCCYGWEGAGTTOCREASTTCCTREER

A
RATACTCCACTTAGGGTAATCATIGGTGACRTG

I7A A AGAGAAGGTCAAGAL
SRA
mrmmmm

- S ATCCCATOCEATOCUGTOACKTOTTAYATS

»OA
YACCAAYGEC CTOCTAGGUGACCARTTCATCAT
A

‘ GATGGCTTUTGCSATCCCOAGYASCTOAGTY AY
N2A
GACTECERAG TERACWE CAGCGATCATETCCAW
~3A
MTWMTAMAWM
WA
TAGYAGCACYALTACYARGACCTITGCCTAGTT

A gy
nriici=3)
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FIGURE 3.1

:HCV.33.1
TCCTCACAGGGGAGTGATTCATGETCCAGTGTC

:HCV.332
ATGGCT. AGACGCTITCTGCGTGMGACAGTAGT

:HCV.33.3
GCCTGGAGGCTGCACGRCACTCATACTAACGCC

:HCV.33.4
CGCAGACCACTATGGCTICTYCCCGGAGGGGGGG

:HCV.33.5
TCRTCCYGGCAATTCCGGTGTACTCACCGGTTC

:HCV.33.6
GCATIGAGCGGGTTDATCCAAGAAAGGACCCGG

tHCV.33.7
AGCAGTCTYGCGCGGGGCACGCCCAARTCTICCAG

:HCV.33.8
ACAAGGCCTTTCGCGACCCAACACTACTCGGCT

:HCV.339
GGGGLACTCGCAAGCACCCTATCAGGCAGTACC

HCV.33.10

YGTGETCATGRTGCACGGTCTACGAGACCTCCC

:HCV.33.11
GITACGTITGKITYTIYTTIGRGGITIRGGAWT

:HCV33.12 '
CGGGAACTTRACCGTCCTGTGGGCGRCGGTTGGT

HCV.33.13
CARGTAAACTCCACCRACGATCTGRCCRCCRCC

:HCV.33.4
RCGCACACCCAAYCTRGGCCCCCTGCGCGGCAA

:HCV.33.18
AGGTTGCGACCGCTCCGAAGTICTTYCTRGTCGC
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FIGURE 2A

a7A
YCGAAGCCOGCACACTCARRCAAGARAGCAGGGE (nt879a0)
28A

. RTARAGCCCYCWGGAGTTOCCSCACTTICGTRGGE
29A
ATACTCGACTTAGGGCAATCATIGCTGACRTG
%AWWMYAWM
S1A .
ST TRCCCTCRCGAACGCAAGGGACRCACCICGS
32A
QOTRGGCCTYAYCCCCACCCAACACCTCCAGRS

3 A CYCOCGAGTITGCCKTCOETGGTGGCYAS
A
CCCGACAAGCAGATCGATGTGACGTCGAAGSTG

A8A

%mwcmmrm

37A

38A
GCCCGGATAGATRGARCAATIGCARYCTICCGT

- g?.\rcmmccmmm).m

QA
YACCAAYGCCGTCGTAGGGGACCARTTCATCAT
A1A

GATGGCTTUTGCGATCCGGACYASCTGAGEYAY
H2A
GACTCCCCAGTGRGCWCCAGCGATCATRTCCAW
M3A
CCCCACCATGGAGAAATACGCTATGCCCGCYAG
#4A
TAGYAGCAGYACTACYARGACCTTCGCCTAGTT
4SA

(pt1503=G)
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20. The assay of claim 17 wherein the surface has been subjected to the hybridization

conditions of step (a) after oligonucleotide has been immobilized therein and washed prior to

carrying out step (a)-
5 21. The assay of claim 18 wherein the polymer is poly(Phe-Lys), the crosslinking agent

is disuccinimidyl suberate, and the nucleic acid probe is selected from the group consisting of

5 XCACCACTTTCT CCAAAGAAG-3’ and 5. XCACTTCACTTTCTTT CCAAGAG-3’, where

X represents the N4-(6-anﬁnocaproy1-2—aminoethy1) derivative of cytidine.

10
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7. The process of claim 1 wherein the strong acid is 1 to 10 N HC] and the strong base

is 1 to 10 N alkali metal hydroxide.

8. The process of claim 2 wherein the nucleic acid probe is first covalently bound to the
crosslinking agent via reaction between the first functional group on the probe and one of the
functional groups of the agent to form an activated nucleic acid probe and the activated nucleic

acid probe is then covalently bound to the adsorbed polymer via reaction between one of said

second functional groups and the other functional group of the agent.

9. The process of claim 8 wherein the nucleic acid probé has a cytidine in which the N4-

positién is modified to provide said functional group on the probe.

10. The process of claim 2 wherein the polymer is poly(Phe-Lys), the crosslinking agent
is disuccinimidyl suberate, and the nucleic acid probe is selected from the group consisting of

5. XCACCACTTTCT! CCAAAGAAG-3’and 5'-XCACTTCACTTTICTTT! CCAAGAG-3’, where

X represents the N“—(6-anﬁnocaproy1-2-auxinocﬂ1yl) derivative of cytidine.

11. An aricle of manufacture for use in a solution phase nucleic acid sandwich

hybridization assay comprising a polystyrene surface having a polymer adsorbed thereon and a
nucleic acid probe covalently bonded to the polymer via a base-stable bifunctional crosslinking

agent.

12. The article of manufacture of claim 11 wherein the article is a well of a microtiter

plate.

13. The article of manufacture of claim 11 wherein the article is a bead.

14. The article of manufacture of claim 10 wherein there are about 0.1 to 10 pmoles of

the probe on the surface.

-26 -
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Final Stripping
NaOH (0.2 N, 250 pL) containing 0.1 wt% SDS was added to each well. The plate was
wrapped in plastic and incubated at 65°C for 60 min. The plate was then washed 3 times with

1X PBS, and the wells aspirated to remove liquid.

5  Overcoupling
Sodium phosphate (50 mM, 100 pL, pH 7.8) containing 0.4 mg/mL BS? was added to

cach well and allowed to incubate with the plate for 12-18 hours. The plate was then washed
twice with 1X PBS and once with water. The completed plates.wcre then stored in pouches at
4°C.

10 Modifications of the above-described modes for carrying out the invention that are

obvious to those of skill in biochemistry, nucleic acid hybridization assays, and related fields are

intended to be within the scope of the following claims.

-24 -
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Hybridization Buffer Recipe - 1L

Recipe for 1 Liter:
5 gr Blocking Reagent

10 mL 10% SDS
200 mL 20X SSC

DI water to 1 liter

Twenty-five pL each of the capture and label probes were added to 3,000 pL of PK buffer
(12 mg proteinase K dissolved in 6 mL of extraction buffer). Fifty pL of this mixture was added
to the wells of a microtiter plate prepared as in Example 2, followed by the addition of 50 pL
of the $ample suspected of containing HCV nucleic acid. The plate is covered with Mylar and
incubated at 65°C for 16 hr. The plate was then cooled, the Mylar removed, the wells aspirated,
washed with 1X wash buffer (0.1% SDS/0.015 M NaCl/0.0015 M sodium citrate) and aspirated
again.

A solution of the multimer (25 fmol/50 pL)' in hybridization buffer was prepared and 50
pL was added to each well. The plate was covered with Mylar, agitated for 30 seconds and incu-
bated at 55°C for 30 minutes. The plate was then cooled, the Mylar removed, washed with 1X
wash buffer, and aspirated.

_  Theassay was carried out on specimens containing, respectively, HCV RNA at 5, 50, and
500 tipomoles (tm, 1 tipomole = 602 molecules, or 102! mole) using microtiter plates prepared
as in Example 2 with varying amounts of immobilized (capture) DNA per well. Sensitivity was
characterized as a delta value = (mean - 2 std dev) - (zero + 2 std dev). Figure 4 reports the

results of these assays. As indicated, optimum sensitivity for this assay occurs at 0.1 to 1.1

pmoles of immobilized DNA per well.

Example 5
Assays for HBV DNA were carried out using the format described in Example 4 above

and microtiter plates coated as in Example 2 above but using various polypeptide coatings. In

these assays, poly(Phe-Lys), casein, Boehringer-Mannheim "blocking reagent” (#1096176

-22-
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Probes complementary to nucleotide sequences in the C gene and the 5’-untranslated region (see

Figure 3):
Probe Type Probe Number
Capture HCV.33.1
5 Label HCV.33.2
Label HCV.33.3
Label HCV.33.4
Capture HCV.33.5
Label HCV.33.6
10 Label HCV.33.7
Label HCV.33.8
Capture HCV.33.9
Label HCV.33.10
Label HCV.33.11
15 Label HCV.33.12
Capture HCV.33.13
Label HCV.33.14
Label HCV.33.15
Label HCV.33.16A
20 Label HCV.33.16B
Capture HCV.33.17
Label HCV.33.18
Label HCV.33.19
Label HCV.33.20
25 Capture HCV.33.21
Label HCV.33.22
Label HCV.33.23
Label “  HCV.33.24
Capture HCV.33.25
30 Label HCV.33.26

-20-
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Label and Capture Probes Used
The amplifier (label) and capture probe HCV-specific segments used in this assay were

as follows:

5 Probes complementary to nucleotide sequences in the HCV E1 gene of Group I viral isolates (see

Figure 2A):

Complement of
Probe Type Probe Number Nucleotide Numbers

10 Label 27A 879-911
Label ¢ 28A 912-944
Capture 29A 945-977
Label 30A 978-1010
Label 31A 1011-1043

15 Label 32A 1044-1076
Label 33A 1077-1109
Capture 34A 1110-1142
Label 35A 1143-1175
Label 36A 1176-1208

20 Label 37A 1209-1241
Label 38A | 1242-1274
Capture 39A 1275-1307
Label 40A 1308-1340
Label 41A 1341-1373

25 Label 42A 1374-1406
Label 43A 1407-1439
Capture 44A 1440-1472.
Label 45A 1473-1505

-18 -
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where R? represents

Ay

)

For synthesis of the comb body (not including sidechains), the concentration of beta cyan-
oethylphosphoramidite monomers was 0.1 M for A, C, G and T, 0.15 M for the branching site
monomer E, and 0.2 M for Phostel™ reagent. Detritylation was done with 3% trichloroacetic
acid in methylene chloride using stepped flowthrough for the duration of the deprotection. At
the cc;nclusion the 5’ DMT was replaced with an acetyl group.

Cleavable linker R and six base sidechain extensions of the formula 3°-RGTCAGTp were
synthesized at each branching monomer site as follows. The base protecting group removal ®R?
in the formula abbve) was performed manually while retaining the CPG support in the same col-
umn used for synthesizing the comb body. In the case of R? = levulinyl, a solution of 0.5 M
hydrazine hydrate in pyridine/glacial acetic acid (1:1 v/v) was introduced and kept in contact with
the CPG support for 90 min with renewal of the liquid every 15 min, followed by extensive
washing with pyridine/glacial acetic acid (1:1 v/v) and then by acetonitrile. After the deprotec-
tion the cleavable linker R and six base sidechain extensions were added using a 6.4 cycle.

In these syntheses the concentration of phosphoramidites was 0.1 M (except 0.2MR and
Phostel™ reagent; R was 2-(4-(4-(2-Dimethoxytrityloxy)ethyl)-phenoxy 2,3-di(benzoyloxy)-
butancoxy)phcnyl)ethyl—Z-cyanoethyl—N,N-diisopropylphosphorarniditc).

Detritylation is effected with a solution of 3% trichloroacetic acid in methylene chloride
using continuous flowthrough, followed by a rinse solution of toluene/chloromethane (1:1 v/v).
Branched polynucleotide chains were removed from the solid supports automatically in the 330B
using the cycle "CE NH;." The ammomum hydroxide solution was collected in 4 mL screw-
capped Wheaton vials and heated at 60°C for 12 hr to remove all base-protecting groups. After

cooling to room’tcmperaturc the solvent was removed in a Speed-Vac evaporator and the residue

- 16 -
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Stripping
The wells were stripped with 0.2 N NaOH/0.5 wt.% SDS as in Example 1.

Example 3
The immobilization procedures of Examples 1 and 2 were repeated using varying amounts

of activated oligonucleotides used in the coupling step. The amounts of oligonucleotide bound
to the well surface was determined in each of these experiments. Fig. 1 is a graph showing the
results of these experiments. As indicated, the procedure of Example 2 results in about 10 times

more oligonucleotide bound to the surface at a given amount of activated oligonucleotide added

to the well.

[}

Example 4
This example illustrates the use of the invention in an HCV RNA assay and relates the

sensitivity of the assay to the amount of probe immobilized on the plate.

Svnthesis_of Multimer Used in _Assay

A "15 x 3" amplified solution phase nucleic acid sandwich hybridization assay was
employed in this example. The "15 X 3" designation derives from the fact that the format
employs a comb-type multimer having a first segment that hybridizes to the amplifier probs and
fifteen iterations of a second segment that hybridizes to three labeled oligonucleotide probes.

The 15 x 3 comb-type branched oligonucleotide having 15 branch sites and sidechain
extensions having three labeled oligonucleotide binding sites was synthesized as follows.

All chemical syntheses of oligonucleotides were performed on an automnatic DNA synthe-
sizer (Applied Biosystems, Inc., (ABI) model 380 B). Phosphoramidite chemistry of the beta
cyanoethyl type was used including 5’-phosphorylation which employed Phostel™ reagent
(ABN). Standard ABI protocols were used except as indicated. Where it is indicated that a mul-
tiple of a cycle was used (e.g., 1.2 cycle), the multiple of the standard amount of amidite recom-
mended by ABI was employed in the specified cycle. Appended hereto are the programs for

carrying out cycles 1.2 and 6.4 as run on the Applied Biosystems Model 380 B DNA Synthe-

sizer.

-14-
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15-20 min. The plates were again washed 4 tmes with 1X PBS and the wells aspirated to

remove liquid.

Poly(Phe-Lys) Coating

Poly(Phe-Lys) was purchased from Sigma Chemicals, Inc. This polypeptide has 2 1:1
molar ratio of phe:lys and an average m.w. of 47,900 gm/mole. It has an average length of 309
amino-acids and contains 155 amines/mole. 30 mL of a 1 mg/mL solution of the polypeptide
was mixed with 2M NaCl/0.5 x PBS to a final concentration of 0.1 mg/mL (pH 6.0). 100 pL
of this solution was added to each well. The plate was wrapped in plastic to prevent drying and

incubated at 30°C overnight. The plate was then washed 4 times with 1X PBS and the wells

aspirdted to remove liquid.

First Stripping
200 pL of 02 N NaOH containing 0.5 wt% SDS was added to the polypeptidc—coatcd
wells. The plate was wrapped in plastic and incubated at 65°C for 1 hr. The plate was then

washed 4 times with 1X PBS and the wells aspirated to remove liquid.

Oligonucleotide Activation
- 50 mg aliquots of disnccinimidyl suberate (DSS) were each dissolved in 500 pL. dimethyl-

formamide (DMF).

26 ODy40 units of the above-described 21-mer oligonucleotide (designated XT1%) in 1X
PBS was added to each aliquot of DSS-DMF. The mixture was vortexed and incubated at room
temperature for 30 min. Two NAP25 columns (1, 50 pL aliquot per 26 OD,¢p) Were equilibrated
with 1X PBS, the DSS-DMF-oligonucleotide mix was diluted with 2 mL 1X PBS, and the diluted
mix was loaded quickly onto the colurns. The columns were allowed to drain and the eluent

was discarded. Activated oligonucleotide was eiuted from each column with 3.5 mL of 1X PBS,
collecting the entire column into 100 mL 1X PBS.

“a.

-12-
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other noncomplementary sequences if desired. These noncomplementary sequences must not
hinder the binding of the binding sequences ot cause nonspecific binding to occur.

The capture probe and amplifier probe may be prepared by oligonucleotide synthesis pro-
cedures or by cloning, preferably the former.

1t will be appreciated that the binding sequences need not have perfect complementarity
to provide homoduplexes. In many situations, heteroduplexes will suffice where fewer than about
10% of the bases are mismatches, ignoring loops of five or more nucleotides. Accordingly, as
used herein the term "complementary"” intends a degree of complementarity sufficient to provide
a stable duplex structure.

The labeled oligonucleotide will include a sequence complementary to the repeated oligo-
nucleotide units of the multimer. The labeled oligonucleotide will include one or more molecules
("labels"), which directly or indirectly prbvide for 2 detectable signal. The labels may be bound
to individual members of the complementary sequence of may be present as a terminal member
or terminal tail having a plurality of Jabels. Various means for providing labels bound to the
sequence have been reported in the literature. See, for example, Leary et al., Proc Natl Acad Sci
USA (1983) 80:4045; Renz and Kurz, Nuc Acids Res (1984) 12:3435; Richardson and Gumport,
Nuc Acids Res (1983) 11:6167; Smith et al., Nuc Acids Res (1985) 13:2399; Meinkoth and

Wahl, Anal Biochem (1 984) 138:267. The labels may be bound either covalently or
non-covalently to the complementary sequence. Labels which may be employed include radio-
nuclides, fluorescers, chemiluminescers, dyes, enzymes, enzyme substrates, enzyme cofactors,
enzyme inhibitors, enzyme subunits, metal ions, and the like. Tlustrative specific labels include
fluorescein, rhodamine, Texas red, phycoerythrin, umbelliferone, luminol, NADPH, o.-8-galacto-
sidase, horseradish peroxidase, etc. _

The ratio of capture probe and amplifier probe to anticipated moles of analyte will each
be at least stoichiometric and preferably in excess. This ratio is preferably at least about 1.5:1,
and more preferably at least 2:1. It will normally be in the range of 2:1 to 10,000:1. Concentra-
tions of each of the probes will generally range from about 1077 to 10® M, with sample nucleic
acid concentrations varying from 102! to 102 M. The hybridization steps of the assay will gen-

erally take from about 10 minutes to 2 hours, frequently being completed in about 1 hour.
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sodium dodecyl sulfate (SDS)) at 25 to 85°C for 10 to 180 minutes.) After this final treatment,
the surface is aspirated. The surface is then washed with aqueous buffer. It may be stored in

a humidity-controlled environment at 0°C to 10°C pending use.

Use of Coated Polystyrene Surface In Solution Phase Hybridization Assay
The coated polystyrene surface is used in solution phase sandwich hybridizations as fol-

Jows. ‘In the instance where the coated surface is the inner surface of the well of a microtiter
plate, the analyte nucleic acid is placed in the well with an excess of two single-stranded nucleic
acid probe sets: (1) a set of capture probes, each having a first binding sequence complementary
to the analyte and a second binding sequence that is complementary to nucleic acid bound to the
well surface, and (2) a set of amplifier probes (branched or linear), each having a first binding
sequence that is capable of specific binding to the analyte and a second binding sequence that
is capable of specific binding to 2 segment of the multimer. By using an amﬂiﬁcr probe, the
multimer may be designed to be a "universal” reagent and different multimers need not be made
for each analyte. The resulting product is a three component nucleic acid complex éf the two
probes hybridized to the analyte by their first binding sequences. The second binding sequences
of the probes remain as single-stranded segments as they are not complementary to the analyte.
This complex hybridizes to the immobilized probe on the well surface via the second binding
sequence. The resulting product comprises the complex bound to the well surface via the duplex
formed by the oligonucleotide bound to the well surface and the second binding sequence of the
capture probe. Unbound materials are then removed from the surface such as by washing.

The amplification multimer is then added to the bound complex under hybridization con-
ditions to permit the multimer to hybridize to the available second binding sequence of the ampli-
fier probe of the complex. The resulting complex is then separated from any unbound multimer
by washing. The labeled oligonucleotide is then added under conditions which permit it to
hybridize to the complementary oligonucleotide units of the multimer. The resulting jmmobilized
Jabeled nucleic acid complex is then washed to remove unbound labeled oligonucleotide, and
read.

The analyte nucleic acids may be from a variety of sources, €.g., biological fluids or

solids, food stuffs, environmental materials, etc., and may be prepared for the hybridization anal-

-8-
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ecular weight is not critical and will normally be in the range of 5,000 to 50,000 daltons.
Examples of polypeptides that may be used in this capacity are polylysine, poly(Phe-Lys),
polj(Ala-Glu), casein, and bovine serum albumin. Poly(Phe-Lys) (1:1 mol ratio of phe:lys)
having a molecular weight in the range of 30,000 to 60,000 is preferred. The coating is carried
out by contacting the cleansed polystyrene with a neutral (pH 6-8) aqueous buffer solution of the
polypeptide. The concentration of polypeptide in the solution will normally be 0.01 to 10 mg/ml,
more usually 0.1 to 1.5 mg/mL. The solution may optionally contain salt up to about 5M con-
centration. The polypeptide coating Step will normally be carried out at 20°C to 65°C for 0.5
to 36 hr, preferably at 25 to 35°C for 15 to 20 hr. Following this treatment, the surface is
washed repeatedly with a neutral agueous buffer to remove any unadsorbed polypeptide. Option-
ally, if may be subjected to conditions (pH, ionic strength, detergent, proteinases) that simulate
or are more stringent than those used in the initial hybridization step of the assay to dislodge
adsorbed polypeptide that would be susceptible to dislodgement during the initial hybridization.

The single-stranded oligonucleotide probe that is covalently bound to the adsorbed poly-
peptide may be prepared by the automated phosphoramidate method described by Wamer et al.,
DNA (1984) 3:401, and purified according to Sanchez-Pescador and Urdea, DNA (1984) 3:339.
They include a 5’-modified nucleotide or nonnucleotide linker that includes a functional group
that provides a reactive site by which to couple the oligonucleotide to the crosslinking agent.
A preferred modified nucleotide is the N"'-(6-a.minocaproy1—2—aminocthyl) derivative of S-methyl—
cytidine, described in US 4,868,105. Other modified nucleotides are described.in US 4,948,882.
The length and base composition of the oligonucleotide probe will depend upon the length and
base composition of the nucleic acid sequence to which it must hybridize. It will normally be
15 to 100 nucleotides in length, more usually 20 to 30 nucleotides in length. The 21 base oligo-
nucleotide 5-XCACCACTTTCT CCAAAGAAG-3’ (described in EP 317077), and 5°-XCACTTC-
ACTTTCTTTCCAAGAG-3’, where X represents the N4-(6—aminocaproyl-2-aminocthyl) deriva-
tive of cytidine, have been chosen as standard probe sequences.

The oligonucleotide is coupled to the base-stable bifunctional crosslinking agent via reac-
tion between the functional group of the 5'-modified nucleotide of the oligonucleotide and one
of the functional groups of the crosslinking agent. To avoid coupling oligonucleotide to both
functional groups of the crosslinking agent, the agent is used in large excess (e.g., 50- o 1000-
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Brief Description of the Drawings

In the drawings:
Figure 1 is a graph of the results of the experiments described in Example 3.

Figures 2-3 are listings of sequences of segments of the probes described in Example 4.
Figure 4 is a graph of the results of the tests described in Example 4.

Modes for Carrying out the Invention

Definitions '

The term "base-stable” as used to characterize the covalent linkages that are employed in
this invention intends linkages that undergo no substantial degradation (e.g-, breakage of covalent
bonds due to hydrolysis) when contacted with 1 N NaOH at temperatures in the range of 4 to
20°C or under conditions that are at Jeast as stringent (e.8., simulate or are more stringent) as

those used in the hybridization of the probes to the analyte in the solution-phase hybridization

assay.
The term "bifunctional crosslinking agent" intends organic molecules that have two func-

tional groups, one of which is capable of reacting with a functional group of the polymer
employed in the invention to form a covalent bond between the agent and the polymer and the
other of which is capable of reacting with a funcﬁonal group on the nucleic acid probe that is
to be immobilized to form a second covalent bond between the agent and the probe. The result-
ing ternary complex comprises the crosslinking agent bound covalently to both the polymer and
the probe via reaction between the two functional groups of the agent and functional groups on
the polymer and the probe. Preferably, the functional groups on the polymer and probe are pri-
mary amino groups and the functional groups on the agent aré selected from those that react with
primary amino groups (e.g., carboxyl, sulfonyl chloride or aldehyde groups).

"Solution phase nucleic acid hybridization assay" intends the assay techniques described
and claimed in commonly owned U.S. Patent No. 4,868,105 and EP 317077.

A "modified nucleotide” intends a nucleotide monomer that may be stably incorporated
into a polynucleotide and which has an additional functional group that will react with a func-

tional group of the crosslinking agent.
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second segment iterations on the multimer. Since the multimers provide a large number of sites
for label probe attachment, the signal is amplified.

Commonly owned copending application US Serial No. 558,897, filed 27 July 1990, (PCT
W092/02526) describes the preparation of large comb-type branched polynucleotide multimers
for use in the above-described solution phase assay. The combs provide greater signal
enhancement in the assays than the smaller multimers.

As described in EP 317077, two types of solution phase nucleic acid sandwich hybrid-
ization assay formats are employed: 2 bead assay procedure, and a microtiter dish assay pro-
cedure. In practice, the microtiter dish assay is preferred. The procedure for immobilizing the
capture probe in the wells of polystyrene microtiter dishes was as follows. Poly-(phenylalanyl-
lysine} was passively adsorbed onto the surfaces of the wells of the dish. The oligonucleotide
1o be immobilized was synthesized by solid state procedures to have a 5’ modified cytidine (the
N*-(6-aminocaproyl-2-aminoethyl derivative of cytidine). This oligonucleotide was activated by
reacting the modified cytidine with the bifunctional crosslinking agent ethylene glycol bis-
(succinimydyl succinate) and the activated oligonucleotide was added to the wells and incubated
at room temperature. During the incubation, the other functional group of the crosslinking agent
reacts with the primary amino groups of the adsorbed poly-(phenylalanyl—lysinc) to thus immobil-
ize the oligonucleotide. The wells were then washed with phosphate-buffered saline (PBS),
coated with HM buffer (0.1% SDS, 4xSSC, 1 mg/mL sonicated salmon sperm DNA, 1 mg/mL
poly-A, 10 mg/mL bovine serum albumin), washed again with PBS, and stored for use. As
indicated, the initial hybridization of the analyte to the capturing and amplifying probe sets was
carried out in separate wells under basic conditions. Following the hybridization, the solution
was neutralized and the neutralized solution transferred to the wells containing the immobilized
probe. The initial hybridization could not be carried out in the wells containing the immobilized
capture probe because the immobilized complex was unstable under the hybridization conditions.

The present invention provides several advantages over the above-described prior pro-
cedure. First, it permits the entire assay, including the initial hybridization, to be carried out in
one well. Second, it improves the reproducability of the assay. Finally, in its preferred embodi-

ment employing large comb-type multimers, it provides reduced background signal.
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Transfusionsassoziierte Risiken: Infektionen und
Immunmodulation

Sibrowski W, Stangel W, Wegener S (Hrsg): Transfusionsmedizin 1993/94.
Beitr Infusionsther Transfusionsmed. Basel, Karger, 1994, vol 32, pp 102 - 109

Molekularbiologisches Screening
transfusionsmedizinisch bedeutsamer Viren

C. Wolff®, D. Hornschemeyer®, M. Skurtopulos®, N. Petersen b,
J. Beyer®, K. Seidel®, A. Mutz®, K. Kleesiek®

* Institut fiir Laboratoriums- und Trunsfusionsmedizin, Herz- und Diabeteszentrum NRW,
Ruhr-Universitat Bochum, Bad Oeynhausen, Deutschland

b Jnsiitut flir Blutspendewesen, Stidtische Kliniken Dornmund, Deutschland
¢ DRK-Blutspendedienst Niedersachsen, Springe, Deutschland

4 Blood Transfusion Service of Namibia, Windhoek

¢ Infektionsambulanz der Stadtischen Kliniken Osnabrilck, Deutschland

Einleitung

Blutkonserven und Blutprodukte sind Arzneimittel; die zu ihrer Uberwa-
chung eingesetzten Methoden miissen dem «Stand der wissenschafilichen Er-
kenntnisse» entsprechen (§ 5 AMG). Stand der Wissenschaft ist in der Virologie
nicht nur der Nachweis von Antikbrpern, sondem auch der Direkmachweis von
Viren mit molekularbiologischen Methoden, insbesondere mit Hilfe der Polyme-
rase-Ketienreaktion (PCR) und der reversen Transkription/Polymerase-Ketten-
reaktion RT-PCR).

Wir haben den Nachweis von Hepatitis-C-Viren (HCV) {1}, Hepatitis-B-
Viren (HBV) [2), Human-immunodeficiency-Viren Typ 1 (HIV-1) [3] und Zy-
tomegalieviren (CMV) [4] mit Hilfe der PCR bzw. der RT-PCR optimiert und
geprift, ob diese Methoden filr ein allgemeines Blutspenderscreening geeignet
sind. Die verschiedenen Teilschritte der Methode (Nu)deinsﬁurecxtrakﬁon, reverse
Transkription und «nested» PCR) fiir die vier Viren wurden so modifiziert, daB der
gleichzeitige Nachweis verschicdener Viren in einer Reaktion mit einer «Mul-
tiplex-PCR» moglich ist (Abb. 1, Tab. 1).

Nachweismethoden und Ergebnisse

Fiir den Nachweis von Hepatitis-C-Viren mit der RT-PCR [1] optimierten wir
die Methode [6] und untersuchten 21 Hamophiliepatienten, 128 anti-HCV-positive

RNSDOCIN: <XP 1004821A 1 >
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Tab. 1. Nachweis transfusionsmedizinisch relevanter Viren mit der Polymerase-Keuenreaktion

{PCR)

Virus Material Zyklen und Primer
PCR

HIV ) Plasma, Serum!  «ncsted» RT-PCR {3]

reverse Transkription mil Primer 3'V3NOT,

1. Amplifikation 30 Zyklen, Amplifikat von 422 Basenpaaren (Bp) mit
S'V3NOT: CAA TGT ACA CAT GGA ATT
3V3NOT: TTA CAG TAG AAA AAT TCC C

2. Amplifikation 35 Zyklen «nested», Amplifikat von 320 Bp mit
J5-2KSI: ATA AGC CTT GCA GTC TAG GCA GAA GAA GA
}3-2 KSI: TGG GTC CCC TCC TGA GGA

HIV-1-Provirus-

DNS Plasma, Serum!  encsied» PCR [3)
Wie oben, jedoch ohne reverse Transkription
HCV Plasma, Serum'  «nested» RT-PCR {!]

reverse Transkription mit Primer NCR2,
. Amplifikation 30 Zyklen, Amplifikat von 320 Bp mit
NCR I: GTA TCT CGA GCC GAC ACT CCA CCA TAG AT
NCR 2: ATA CTC GAG GTG CAC GGT CTA CGA GAC CT
. Amplifikation 35 Zyklen anested», Amplifikat von 279 Bp mit
NCR 3: CCA CCA TAG ATC TCT CCC CTG T
NCR 4: CAC TCT CGA GCA CCC TAT CAG GCA GT
HBY Plasma, Serum' (2}
Amplifikation 30 Zyklen, Amplifikat von 113 Bp
MD 03: CTC AAG CTT CAT CAT CCA TAT A
MD 06: CTT GGA TCC TAT GGG AGT GG
CMV EDTA-Blut! [4]
. Amplifikation 30 Zyklen, Amplifikat von 435 Bp
MIEA 1: CCA AGC GGC CTC TGA TAA CCA AGC C
MIEA 2: CAG CAC CAT CCT CCT CTT CCT CTG G
. Amplifikation 35 Zykien «ncsted», Amplifikat von 110 Bp
MIEA 6: AGT GTG GAT GAC CTA CGG GCC ATC G
MIEA 7: GGT GAC ACC AGA GAA TCA GAG GAG C

=]

N

Multiplex-PCR

HBV, HCV Plasma, Serum? 1. Amplifikation 30 Zyklen

und HIV | 2. Amplifikation 35 Zyklen enested»
(RNS/DNS) 3. magliche Amplifikate

! Die Nukleinsiureextraktion fiir DNS und RNS erfolgte durch Zusatz von 4 M Guanidiniumisothiocyenat, | %
nichtionischem Detergens, Adsorption an Kieselgel, Waschen mit 70% Ethanol und Elution mit Wasser {S).

? Der Reaktionsansaiz fiir dic reverse Transkription von HIV-1- und HCV-RNS enthilt bereits dic vollstin-
digen «iuBeren» Primerpaare fiir HCV und HIV | und dic Primer fur HBY. Unmittelbar nach der reversen
Transkriplion wird thermostabile DNS-Polymerase zugegeben und in 20 p! Reaktionsvolumen amplifiziert,
2 pl werden in den 20-u!-Reaktionsansatz fiir die 2weite («nested») PCR iiberfdhn, der dic ancsted» Prmer
fiir HCV und HIV-1 enthélt

N
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